INTRODUCTION
The amount of phosphatidylcholine which enters the lumen of the small intestine is considerable. Most luminal phosphatidylcholine is derived from bile with smaller amounts originating from the diet. Prior to the uptake of the phospholipid by the intestinal cell, it is first hydrolysed by pancreatic and cellular phospholipases to lysophosphatidylcholine [1] . Some luminal phosphatidylcholine invariably escapes hydrolysis but it is thought that only small amounts of the intact phosphatidylcholine molecule are actually taken up by the intestinal cell [2, 3] . Uptake of lysophosphatidylcholine, however, occurs readily and appears to be complete [2] . Within the intestinal absorptive cell, acylation enzymes reesterify the lysophosphatidylcholine back to phosphatidylcholine [2] . The resynthesized phosphatidylcholine molecule can then be used for the assembly and secretion of lipoproteins or the restructuring of cellular membranes.
There is evidence to suggest that phosphatidylcholine is important for the absorption of luminal lipids by the intestine. Several animal studies have demonstrated increased triacylglycerol absorption in the presence of luminal phosphatidylcholine [4] [5] [6] [7] . Since lysophosphatidylcholine is the form of the phospholipid which is absorbed, it has been suggested that it is this species of the phospholipid which increases the uptake of lipids and/or the secretion of triacylglycerol-rich lipoproteins. In the intact animal, however, the presence of both phosphatidylcholine and its hydrolytic product lysophosphatidylcholine, together with bile acids, monoglycerols, cholesterol and fatty acids, make it difficult, if not impossible, to sort out the effects of individual luminal lipids on intestinal lipid transport. Mechanisms for why lysophosphatidylcholine should enhance lipid absorption are unknown and information concerning lysophosphatidylcholine absorption and its effect on apoprotein B (apoB) secretion are lacking.
In this report, we demonstrate that the influx of lysomass and triacylglycerol synthesis and secretion were increased. The effect was more pronounced with oleoyllysophosphatidylcholine than with either palmitoyl-or stearyl-lysophosphatidylcholine. Lysophosphatidylcholine increased the secretion of immunoreactive and newly-synthesized apoprotein B (apoB) without altering the rate of apoB synthesis. Thus, luminal lysophosphatidylcholine and/or its uptake decreases cholesterol esterification and secretion, but increases triacylglycerol synthesis and secretion, triacylglycerol mass accumulation and the secretion of apoB by CaCo-2 cells.
phosphatidylcholine into CaCo-2 cells increases the synthesis and basolateral secretion of triacylglycerols without altering apoB synthesis. Immunoreactive and newly-synthesized apoB secretion are increased, but cholesteryl ester synthesis and secretion are markedly decreased. ApoB and apoA 1 measurements
METHODS AND MATERIALS
The estimation of apoprotein mass by e.l.i.s.a., estimation of apoprotein synthesis and degradation by pulse-chase, and immunoprecipitation of apoproteins were performed exactly as described previously [9] ). Immunoblot for detecting apoB in the basolateral medium was performed by collecting the media of cells incubated for 16 h with 1 mM taurocholate or taurocholate and 250 ,M lysophosphatidylcholine. The proteins were separated on SDS/PAGE (5 % stacking and 8 % separating gel) by applying to a 1.5 mm thick slab gel, 60 ,u1 of the medium mixed with 10 ul of 2.5 x Laemmli sample buffer. The proteins were transferred to an Immobilon-P membrane (Millipore Corp., Bedford, MA, U.S.A.) at 100 V for 1.5 h using a buffer containing 100% methanol and 25 mM Tris base/192 mM glycine, pH 8.0.
The membrane was blocked at 37°C for 30 min with BLOTTO [3 % non-fat dry milk in a blotting buffer containing 50 mM Tris/HCl, pH 8.0/80 mM sodium chloride/2 mM calcium chloride/0.2 % Polydet P-40 (Polysciences, Inc., Warrington, PA, U.S.A.) and 0.01 % Antifoam A (Sigma)]. The membrane was then incubated for 1 h with 50 ,ug of anti-human apoB antibody from sheep complexed with horseradish peroxidase (Biodesign, Kennebunkport, ME, U.S.A.) in 10 ml of the blotting buffer. Excess antibody-peroxidase was removed by washing the membrane three times for 5 min each with 3 % BLOTTO. This was followed with one wash of phosphate buffered saline. The peroxidase activity associated with the apoprotein bands was detected by rapid screen web (IBI Enzygraphic Web, International Biotechnologies Inc., Eastman Kodak, New Haven, CT, U.S.A.). The amount of apoB protein in the bands was quantified by densitometry using the Ambis Image Acquisition and Analysis System (Ambis Inc., San Diego, CA, U.S.A.).
Chemical analysis and enzyme activities
Protein was measured according to the method of Lowry et al. [10] . Triacylglycerol mass was measured as previously described [11] . Phospholipid mass was estimated by the method described by Chalvardjian and Rudnicki [12] . Acyl-CoA:cholesterol acyltransferase (ACAT) [13] and triacylglycerol synthetase [11] activities were estimated in total membranes as described previously [14] . The specific activity of ['4C]oleoyl CoA was the lipids separated using the same methodology described above 19000 d.p.m./nmol.
RESULTS

Uptake of lysophosphatidylchollne and its Incorporation Into lipids
To estimate the uptake of lysophosphatidylcholine and its incorporation into cellular lipids, 1 ,uM labelled palmitoyllysophosphatidylcholine solubilized in 1 mM taurocholate was added to the apical medium of CaCo-2 cells. The percent uptake was estimated by determining the amount of labelled lysophosphatidylcholine remaining in the apical medium over time. Results in Figure 1 show that 1 ,uM lysophosphatidylcholine was completely removed from the medium after 3 h and after 30 min approximately 50 % of it was taken up. No free fatty acids were found in the apical medium during the incubation suggesting that little or no palmitoyllysophosphatidylcholine was being hydrolysed apically.
To determine the fate of lysophosphatidylcholine within the cell, lipids were extracted from the basolateral medium and cells. Because of a decrease in the amount of labelled cholesteryl esters found within cells incubated with lysophosphatidylcholine, the amount of cholesteryl esters secreted by these cells was also decreased. Figure 2 shows results of the effect of 1 mM taurocholate and 250,uM lysophosphatidylcholine on the incorporation of labelled oleate into cellular and basolateral lipids over 4 h. Again, a significant decrease in the synthesis and secretion of labelled cholesteryl esters was observed. Lysophosphatidylcholine had only modest effects on the synthesis of phospholipids and triacylglycerols. In contrast, the amount of labelled phospholipids and triacylglycerols which were secreted by cells incubated with lysophosphatidylcholine was significantly increased compared with controls.
When cells were incubated with lysophosphatidylcholine containing a specific fatty acid the effects on lipid synthesis and secretion were similar to those observed with egg lysophosphatidylcholine, with the exception of oleoyllysophosphatidylcholine ( Table 3 ). This species caused an increase in the incorporation of oleate into cellular triacylglycerols and cholesteryl esters compared with palmitate-and stearate-containing lysophosphatidylcholines.
To substantiate the changes observed in the rates of lipid synthesis and secretion, experiments were repeated using labelled glycerol as substrate to estimate phospholipid and triacylglycerol synthesis (Figure 3) . In contrast to the results using labelled oleate, lysophosphatidylcholine caused a significant increase in the rate of incorporation of labelled glycerol into cellular phospholipids and triacylglycerols, whereas the secretion of labelled phospholipids was not altered. Confirming results with labelled oleic acid, however, lysophosphatidylcholine increased the basolateral secretion of labelled triacylglycerols.
The observed increase in the secretion of newly synthesized triacylglycerols by lysophosphatidylcholine might be explained by intracellular hydrolysis of the fatty acid contained in lysophosphatidylcholine which then drives triacylglycerol synthesis and secretion. To address this possibility, cells were incubated with 1 mM taurocholate, taurocholate and 250 #M lysophosphatidylcholine, or taurocholate and 250,tM palmitic acid. The incorporation of labelled glycerol into cellular and basolateral lipids was then estimated (Figure 4) . Although palmitic acid did increase the incorporation ofglycerol into cellular triacylglycerols compared with taurocholate alone, it was less than that observed in cells incubated with lysophosphatidylcholine. Moreover, in cells incubated with palmitic acid, the secretion of labelled triacylglycerols was similar to taurocholate alone, whereas in cells incubated with lysophosphatidylcholine, the secretion of newly synthesized triacylglycerols was markedly enhanced more so than in either control cells or cells incubated with the fatty acid. Thus, hydrolysis of the lysophosphatidylcholine fatty acid cannot explain the increase in triacylglycerol transport observed in cells incubated with lysophosphatidylcholine.
ACAT and triacylglycerol synthetase activities
To further address the effect of lysophosphatidylcholine on cholesteryl ester and triacylglycerol synthesis, ACAT and triacyl- The cells were incubated as described in Figure 2 . compared with the amount secreted by cells incubated with medium alone (P < 0.001).
To further address and substantiate the effect of lysophosphatidylcholine on total apoB mass secretion, apoB 100 and apo-B 48 were estimated by immunoblots of basolateral media from cells incubated for 16 h with I mM taurocholate with or without 250 ,uM lysophosphatidylcholine ( Figure 5 ). In support ofwhat was observed using the more sensitive e.l.i.s.a. for estimating apoB mass, in four separate experiments lysophosphatidylcholine increased the total amount of apoB 100 and apoB 48 secreted.
ApoB synthesis and secretion To address whether lysophosphatidylcholine increased the synthesis and/or secretion of newly synthesized apoB, CaCo-2 cells were incubated for 16 h with taurocholate or taurocholate and increasing concentrations of lysophosphatidylcholine.
[35S]Methionine was then added to the apical medium for 4 h and the incorporation of label into cellular and basolateral apoB and apoA 1 was estimated. Figure 6 shows a representative autoradiogram of a polyacrylamide gel following immunoprecipitation and separation of the apoproteins by electrophoresis. Lysophosphatidylcholine did not alter the incorporation of labelled methionine into cellular apoB or apoA 1. However, in a
